Hoya substrates for high power devices  by Kida, Gen
3C-SiC 
4o 
Gen Kida Hoya Advanced Semiconductor Technologies 
Co. Ltd, set up in May 2002 with the mission 
to manufacture 3ooo, six inch 3C-SiC 
substrates per month by 2005. 
New production facilities in Sagamihara City, 
Japan, will be ready to produce 200pro 
thick, 3C-SiC substrates in April 2003. 
Dr Nagasawa, the executive MD and CTO, is 
the central figure in the new company, 
whose staff have every incentive, including 
stock options, to make this new venture a 
Success .  
Hoya substrates 
for high power devices 
Figure 1: Mr Kitahara, CEO 
(left) and Dr Nagasawa, CTO 
holding a 4-inch 2001Jm thick 
3C-SiC substrate. 
Engineers at Hoya Corporation first worked on 
silicon carbide (SIC) in 1989, for use as a robust 
membrane for x-ray photolithographic applica- 
tions. In 1992 the technology for depositing poly- 
crystalline 3C-SiC thin films on silicon substrates 
was transferred from research to manufacture. 
Dr Hiroyuki Nagasawa was one of the engineers 
involved in the SiC x-ray mask project and after 
its completion he decided to investigate the 
deposition of single crystal 3C-SiC on silicon 
substrates with the aim of using the thin films 
to fabricate pressure sensors tbr use in high 
temperature environments. 
Transition for 3C-SiC 
In 1997, Dr Nagasawa's group succeeded in
achieving their goals with the result that Hoya 
Corp became the proud owner  of intellectual 
patent rights for technology to deposit single 
crystal 3C-SiC thin films on 4 inch silicon sub- 
strates.The growth process involved atomic layer 
epitaxy by CVD. 
However, 3C-SiC thin films were not a commer- 
cial success because the market for high temper- 
ature pressure sensors turned out to be a mere 
¥100m, too small for a company the size of Hoya; 
where a market of ¥10bn was deemed necessary 
in order to make the business viable. 
"So in the April of 1998, I decided to concen- 
trate on deposit ing very thick layers of 3C-SiC 
with the aim of producing large area, 3C-SiC 
substrates for fabricating power  devices," said 
Dr Nagasawa. 
There were formidable obstacles to overcome 
and the growth technology was required to 
enable: 
• a high deposition rate of 100~am/h; 
• highly uniform 6-inch wafers; 
• low density of planar defects; 
• high carrier mobility; 
• the ability to produce both n and p-type as 
well as semi-insulating substrates. 
Accidental breakthrough 
The breakthrough came after Dr Nagasawa cci- 
dentally deposited SiC on the unpolished (back- 
side) of a silicon substrate. 
"I found that the SiC grown on the back side of a 
silicon substrate had much higher mobilit T of 
600cm2/Vs and a yellowish, transparent colour. 
Both features being much better than SiC layers 
deposited on the polished side of the silicon sub- 
strates," explains Dr Nagasawa. 
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Rnlarged image of the 4 inch 
200/~m thick 3C- 5iC 
substrate being held by Dr 
Nagasawa 
The mishap resulted in the development of 
'undulant-sil icon' substrates with well defined 
ridges in the IT 10] direction that are used for 
producing 200~lm thick 3C-SiC substrates by the 
following procedure: 
• a just cut Si(001) is scraped with 15~tm 
diameter d iamond slurry in the direction 
U- 10] [employing a load of 0.1kg/cm2 for 
forming cont inuous undulations with ridges 
in the [b110] direction. 
• the resulting Si(001) substrate is oxidised in a 
dry oxygen stream at approximately 1400K 
for 5 hours in order to remove crystal defects 
introduced uring process (i). 
• the oxidized layer (approximately 200nm 
thick) was removed in a 5% solution of HE 
• the undulated surface consisted of ridge to 
ridge distances of 400-700nm and ridge to 
valley heights of 7-26mn. 
• the 'undulant-Si' substrates are placed in a 
cold wall CVD reactor and carbonised in a 
C2H2/H2 gas mixture for 5 minutes. 
Figure 2: Hoya Advanced Semiconductor Technologies Co., 
Ltd production facilities in Sagamihara, Japan 
• 3C-SiC growth is initiated at 1623K in a 
SiH2C12/C2H2/H2 gas mixture enabling growth 
rates as high as 100~m/h. 
• finally a free standing 3C-SiC layer is 
produced by selectively removing the 
silicon substrate in a HF/HNO 3 mixture. 
Typical 3C-SiC substrates manufactured by this 
procedure are shown in Figure 1. 
Plans for the future 
Mr Fumio Kitahara, President and CEO of Hoya 
Advanced Semiconductor Tech, Ltd, emphasises 
that the immediate goals are to produce low 
priced, high quality substrates and to create a 
market for these state of the art wide band gap 
semiconducting crystals. 
"One of the first benchmark tests will be to 
successfully fabricate 3C-SiC Schottk T barrier 
diodes operating at 600V/10A and with a turn 
off t ime of less than 10ns," he said 
He added that the short term goal was to manu- 
facture 3000, 6-hlch 3C-SiC substrates per  month  
by 2005, when the market is forecast o be 
¥20bn for GaN LED substrate applications and 
¥1bn for SiC Schottky diodes. 
The market for SiC substmtes in general is 
expected to grow and reach ¥100bn by 2010. 
Product ion of the first batch of 3C-SiC substrates 
is scheduled to start in April 2003 and future 
plans include the manufacture of p-type 3C-SiC 
homoepilayers and semi-insulated substrates for 
fabricating high power  MOS devices. 
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